
ABSTRACT

Purpose: Periodontitis is considered a local risk factor for medication-related osteonecrosis 
of the jaws (MRONJ). However, little is known about the progression of periodontitis in 
the presence of zoledronic acid (ZOL). The aim of this study was to evaluate the effects of 
the systemic use of ZOL on the progression of experimental periodontitis (EP) in rats, as 
ZOL could modulate the progression of periodontitis and concomitantly cause MRONJ in 
individuals with periodontitis.
Methods: Forty-eight male Wistar rats were randomly distributed in 6 groups (n=8 each). 
To induce EP, ligatures were placed around the right first mandibular molars. Three groups 
were treated with ZOL (0.15 mg/kg/week, intraperitoneal), and 3 with 0.9% saline solution 
(controls). In the ZOL/Lig30 and ZOL/Lig 15 groups, after 4 weeks of treatment with 
ZOL, EP was induced and euthanasia was performed after 30 and 15 days of EP induction, 
respectively. In both groups, the animals continued to receive ZOL after EP until the end 
of the experiment. In the Lig/ZOL group, EP was induced first, and 15 days later, ZOL was 
administered for 8 weeks, with euthanasia 1 week after the last dose. After euthanasia, 
the mandibles were evaluated using micro-computed microtomography (micro-CT) and 
histomorphometry. Bone loss was measured, and the presence of osteonecrosis was 
evaluated histologically. The data were evaluated using the Student t-test and the Mann-
Whitney test, with a significance level of 5%.
Results: In the Lig/ZOL group, micro-CT revealed less alveolar bone resorption in the distal 
root (P<0.01) than in the control group (Lig/Con). Histomorphometric analysis confirmed 
less alveolar bone resorption in the Lig/ZOL group (P=0.001). Histologically, osteonecrosis 
was more common in the ZOL groups.
Conclusion: ZOL decreased alveolar bone resorption in rats with EP. However, it presented a 
higher risk for MRONJ.
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INTRODUCTION

Bisphosphonates are synthetic analogs of pyrophosphate, in which carbon replaces the 
central oxygen in the molecule, providing resistance to hydrolysis and to degradation. 
They present an ability to bind to bivalent metal ions, such as calcium [1]. For this reason, 
bisphosphonates are rapidly eliminated from the circulation and adhere to bone mineral 
surfaces at sites of active bone remodeling, which are subject to osteoclastic resorption [2].

Despite the beneficial anti-resorptive effects of bisphosphonates, gnathic bones may be 
affected by a potentially serious adverse effect after prolonged administration of nitrogenated 
bisphosphonates [1]. Specifically, excessive suppression of bone turnover, reduced 
remodeling capacity, and a decreased ability to repair damage can lead to accumulation of 
micro-damage, causing medication-related osteonecrosis of the jaws (MRONJ) [1,3].

MRONJ is defined as an area of exposed bone, or bone that can be probed through an 
intraoral or extraoral fistula in the maxillofacial region, which does not heal within 8 
weeks after identification by a health care provider, in a patient receiving or exposed to an 
antiangiogenic or antiresorptive agent, such as a bisphosphonate, without a previous history 
of radiation therapy in the craniofacial region [1,3]. MRONJ has been reported after dental 
extraction, trauma to oral tissues, and dental implant placement, and is associated with 
periapical disease and periodontitis [1,3-5].

Periodontitis is a common inflammatory disease caused by biofilm accumulation that 
leads to the onset of destruction of the alveolar bone and the periodontal ligament. In 
periodontitis, proteolytic enzymes, such as matrix metalloproteinases (MMPs), are released 
by osteoclasts to promote tissue destruction during bone resorption. In addition to MMPs, 
other important causative factors in the inflammatory process are involved in alveolar bone 
loss in periodontitis, such as lipopolysaccharide (LPS), prostaglandin E2, interleukin-1β, and 
tumor necrosis factor alpha [6]. The cascade of periodontal destruction is initiated by LPS 
in the outer membrane of Gram-negative bacteria present in the biofilm. Monocytes and 
macrophages are activated and release proinflammatory cytokines that promote destructive 
processes. Osteoclasts, in turn, release proteolytic enzymes such as MMPs, which induce 
bone tissue destruction during resorption [6,7].

Previous studies have investigated the use of alendronate, which antagonizes the action of 
important factors in inflammation, as a possible adjuvant to the basic periodontal treatment 
of periodontitis induced in rats [8,9]. Alendronate was also evaluated as a topical treatment 
for intra-bony defects caused by chronic periodontitis [10] and as a way to avoid bone loss 
around the implant, thereby improving osseointegration [11]. However, little is known 
about the progression of periodontitis in the presence of zoledronic acid (ZOL). Meanwhile, 
periodontitis is considered a local risk factor for MRONJ [5]. While the use of systemic ZOL 
could modulate the progression of periodontitis, it could cause MRONJ in individuals with 
periodontitis. Therefore, the objectives of this study were to evaluate the in vivo effects of ZOL 
on the progression of periodontitis in rats, and to explore the local effects of periodontitis as 
a probable risk factor for the development of MRONJ.
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MATERIALS AND METHODS

Animals and ethical considerations
This study was approved by the Local Animal Ethics Committee (process# 23076.019257/2013-
80), and it followed the ethical recommendations of the National Council for Control of Animal 
Experimentation in Brazil and the National Institute of Health Guide for Care and Use of 
Laboratory Animals. The entire study was designed in accordance with the ARRIVE guidelines.

A total of 48 male adult rats (Rattus norvegicus albinus, Wistar), weighing between 300 and 350 
g and aged 4–6 months on average, were included in the experiment. The animals were fed a 
standard diet for rodents (Presence®, Paulínia, São Paulo, Brazil), and had free access to food 
and water. They were maintained in polypropylene cages with zinc-plated wire cover caps 
with 4 animals in each cage. The animals were kept in a room at a temperature of 23±2ºC and 
a light/dark cycle of 12 hours.

Induction of periodontitis and administration of ZOL
The animals received atropine to control salivary flow and were anesthetized with 100 mg/
kg of ketamine hydrochloride (SESP, Vetbrands Animal Health Division, Jacareí, São Paulo, 
Brazil) together with 50 mg/kg of xylazine (Bayer do Brasil, Belford Roxo, Rio de Janeiro, 
Brazil) by the intramuscular route. When the absence of pain sensitivity was confirmed, 
the animal was positioned in a modified Doku apparatus [12], and periodontal disease was 
induced by placing a sterile silk 4.0 ligature (Ethicon, Johnson and Johnson, São Paulo, 
Brazil) around the left first mandibular molar in a submarginal position. After the procedure, 
the animals were kept alone in individual cages to avoid excessive stress, without restriction 
of food and water.

The animals treated with ZOL (Zometa, Novartis Pharmaceutical, Basel, Switzerland) 
received 0.15 mg (once a week) of the drug by intraperitoneal injection. At the end of each 
experimental period, the animals were euthanized through an anesthetic overdose of 
ketamine and xylazine.

Study design
The animals were randomly assigned to 6 experimental groups, each containing 8 animals.

•  ZOL/Lig30: animals were treated with ZOL for 4 weeks. On the day of the last dose, peri-
odontitis was induced. Thirty days after ligature, the animals were euthanized.

•  ZOL/Lig15: animals were treated with ZOL for 4 weeks. On the day of the last dose, peri-
odontitis was induced. Fifteen days later, the animals were euthanized.

In both the ZOL/Lig30 and ZOL/Lig15 groups, the animals continued to receive ZOL after 
induction of periodontitis until the end of the experiment.

•  Con/Lig30: animals were treated with 1 mL of 0.9% saline solution by intraperitoneal 
injection for 4 weeks (once a week). On the day of the last application, periodontitis was 
induced. Thirty days after ligature, the animals were euthanized.

•  Con/Lig15: animals were treated with 1 mL of 0.9% saline solution by intraperitoneal in-
jection for 4 weeks (once a week). On the day of the last dose, periodontitis was induced 
and 15 days later, the animals were euthanized.

In both the Con/Lig30 and Con/Lig15 groups, the animals continued to receive the saline 
solution after the induction of periodontitis until the end of the experiment.
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•  Lig/ZOL: fifteen days after periodontitis induction, animals were treated with ZOL for 8 
weeks. Euthanasia occurred 1 week after the last drug application.

•  Lig/Con: fifteen days after periodontitis induction, animals received 1 mL of 0.9% saline 
solution by intraperitoneal injection for 8 weeks (once a week). Euthanasia occurred 1 
week after the last dose.

After euthanasia, the mandibles were removed and fixed in 10% buffered formalin for 72 hours.

Micro-computed tomography (micro-CT) analysis
A third-generation microtomograph (NIKON XT-H 225 ST Microfocus, Nikon, Tokyo, Japan) 
was used for the exposure of the samples, operating at 80 kV, 222 μA without a filter, and 500 
ms, using a protocol with voxel size of 11 μm and an exposure time of 25 minutes.

The images obtained were reconstructed using the CT PRO 3D software version XT3.1.3 
(Nikon Metrology NV, Tring, UK) with the .xteck extension, in which the volume of interest 
was delimited. After delimiting the area of interest, multiplanar (axial, sagittal, and coronal) 
reconstructions of the selected volume were exported to the DICOM extension using 
VGStudioMax 2.2 (Volume Graphics Gmbh, Heidelberg, Germany). Next, a Gaussian filter 
(3×3×3) was applied to smooth over the presence of artifacts on the digital images.

The reconstructed images were analyzed by 1 evaluator (PGCLM), who was previously calibrated, 
using ImageJ version 14.5 (National Institute of Health, Bethesda, MD, USA). To find the region 
to be analyzed, the axial section marked the central region of the tooth, and the sagittal section 
was rotated in order to keep the roots perpendicular to the ground. Measurements were made 
in the coronal section, where 2 horizontal lines were drawn: 1 at the point of the cementoenamel 
junction and 1 at the highest part of the alveolar bone crest of the distal root, at the buccal and 
lingual surfaces. The vertical distance between the 2 horizontal lines was captured in pixels and 
later converted to millimeters [13]. Bone loss from the furcation region was also analyzed by 
performing vertical measurements of the furcate dentin to the alveolar bone of the region (Figure 
1). All sections referring to the first molar were analyzed and measured on the coronal axis, 
maintaining the central position obtained in the axial section (Figure 1). Areas of necrotic bone 
were not included in the measurements of alveolar bone loss [13].
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A B C

Figure 1. Axial (A), sagittal (B), and coronal (C) reconstructions of the area of interest. The coronal section was used for measurements (C) by drawing 2 
horizontal lines at the height of the cementoenamel junction and at the highest alveolar bone crest portion. Measurement of the distance between horizontal 
lines (vertical line).



A scan was performed on all samples, and all coronal sections of all specimens were 
measured. The degree of bone resorption was measured throughout the mesial roots, distal 
roots, and furcation region from the coronal section, maintaining the central position 
obtained in the axial section. The mean resorption rates of the buccal and lingual surfaces 
were obtained for both the distal and mesial roots. A general average of resorption on each of 
the roots (mesial and distal) was calculated from a simple arithmetic mean calculated based 
on data from the buccal and lingual surfaces of each root alone. Likewise, a general mean of 
bone resorption was calculated by a simple arithmetic mean based on the general mean of 
the mesial and distal roots and the mean bone resorption in the furcation area. Eight animals 
from each group were evaluated, and all microtomographic sections were measured for the 
3 regions studied (furcation, distal root, and mesial root). All microtomographic sections 
were sequentially measured for the 3 regions studied (furcation, distal root, and mesial root). 
Thus, the entire specimen was assessed.

Histological analysis
The mandibles were decalcified with 5% tetrasodium ethylenediaminetetraacetate (EDTA) 
for 30 days. Next, they underwent conventional histological processing. Histological sections 
of 5 μm were obtained from tissues embedded in paraffin and stained with hematoxylin and 
eosin. Inflammatory reaction intensity was evaluated in the furcation region and scores were 
assigned according to the degree of inflammation: 1, absent; 2, mild; 3, moderate; and 4, 
intense. Inflammation was considered to be mild when few inflammatory cells were present, 
distributed focally or diffusely; moderate when there was a focal inflammatory reaction, and 
intense when the region evaluated showed many inflammatory cells distributed diffusely 
[13]. Osteonecrosis was considered present when the bone presented loss of more than 5 
contiguous osteocytes with confluent areas of empty gaps [5].

Histomorphometric analysis
Sixteen slides from each group (2 belonging to each animal) were scanned by Panoramic 
MIDI (3DHISTECH Ltd., Budapest, Hungary). Each slide had 4 serial cuts, which were 
analyzed at ×2 magnification. To quantify the area of alveolar bone resorption, the Panoramic 
Viewer software (3DHISTECH Ltd.) was used. The images were rotated in order to leave the 
distal root and the furcation perpendicular to the ground. For the distal root measurement, 
a horizontal line was drawn at the height of the cementoenamel junction and the distance 
between the horizontal line and the alveolar bone crest was measured. The entire length 
of the furcation region was measured vertically, based on the furcate dentin and the viable 
alveolar bone crest of the same region [13]. Areas of necrotic bone were not included in the 
alveolar bone loss measurement.

Statistical analysis
The data obtained were tabulated in Microsoft Office Excel 2013 (Microsoft Corp., Redmond, 
WA, USA), imported into SPSS version 13.0 for Windows (SPSS Inc., Chicago, IL, USA) and 
subjected to normality tests (Shapiro–Wilk and Kolmogorov–Smirnov tests), which yielded 
a P value >0.05 for most variables, except for the histometric analysis in the furcation area 
of the ZOL/Lig30, Con/Lig30, ZOL/Lig15, and Con/Lig15 groups. Statistical analysis was 
performed using the Student t-test to analyze microtomography data and inflammation, and 
the Mann-Whitney test for histometric analysis in the furcation area. Values were expressed 
as mean and standard deviation, considering a level of significance of 95% (P<0.05).
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RESULTS

For data analysis, the groups treated with ZOL were compared with the corresponding 
control groups. Thus, the ZOL/Lig30 group was compared with the Con/Lig30 group, the 
ZOL/Lig15 group with the Con/Lig15 group, and the Lig/ZOL group with the Lig/Con group.

Linear measurements using micro-CT
When ZOL was administered before the induction of periodontal disease, there was no 
significant difference with respect to alveolar bone resorption, irrespective of the time of 
disease (P>0.05) (Table 1). However, when the drug was administered to animals with the 
disease already established (Lig/ZOL group), less alveolar bone resorption associated with 
the distal root (P<0.01) was observed (Table 1). In 3 animals in the ZOL/Lig30 group, and 
in 1 in the ZOL/Lig15 group, bone fragments with irregular edges and detachment of the 
alveolar bone were observed in the furcation region, suggesting bone sequestration. This 
same feature was observed in 1 animal in the Con/Lig 30 group. Figure 2 illustrates the 
microtomographic findings.

Histomorphometric analysis
In animals treated with ZOL after induction of periodontitis (Lig/ZOL group), there was less 
alveolar bone resorption in the distal root (P=0.001), confirming the findings of the micro-CT 
analysis (Figure 3). The same trend of bone resorption was observed in the furcation region 
(P<0.001) (Table 2). Similarly, in animals treated with ZOL before the induction of periodontitis 
(ZOL/Lig15), there was also a decrease in bone resorption in the distal root (P<0.001) (Table 2). 
However, when the induction of periodontitis lasted up to 30 days, the animals treated with ZOL 
(ZOL/Lig30) presented increased alveolar bone resorption at distal root sites (P<0.05) (Table 2).

Histological analysis
The histological analysis revealed moderate inflammation in the furcation of animals treated 
with ZOL before the induction of periodontitis for 15 days (ZOL/Lig15 group), while the 
control (Con/Lig15 group) presented mild inflammation (P=0.018) (Table 3). However, in 
animals with 30 days of periodontal disease and previous treatment with ZOL (ZOL/Lig30) 
or saline solution (Con/Lig30), the inflammation was moderate (P=0.733) (Table 3). When 
periodontitis was induced before treatment, the degree of inflammation was mild for both 
the treated (Lig/ZOL) and control (Lig/Con) groups (P=0.0853) (Table 3).
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Table 1. Alveolar bone resorption in the distal root and furcation shown by microtomography analysis
Groups Region Alveolar bone resorption P valuea)

A Furca 0.60±0.20 vs.0.75±0.57 0.522
Lingual (DR) 1.06±0.16 vs. 1.25±0.23 0.090
Vestibular (DR) 1.14±0.17 vs. 1.19±0.33 0.700
Mean value 1.10±0.12 vs. 1.22±0.22 0.210

B Furca 0.28±0.07 vs. 0.63±0.50 0.119
Lingual (DR) 0.95±0.83 vs. 1.05±0.28 0.399
Vestibular (DR) 0.90±0.14 vs. 0.82±0.18 0.383
Mean value (DR) 0.93±0.1 vs. 0.94±0.22 0.927

C Furca 0.86±0.77 vs. 0.91±1.06 0.933
Lingual (DR) 0.96±0.12 vs. 1.23±0.64 0.001
Vestibular (DR) 0.89±0.15 vs. 1.36±0.28 0.003
Mean value (DR) 0.91±0.12 vs. 1.30±0.6 <0.001

Data are shown as mean±standard deviation. Values in mm.
Groups are represented as below: A, ZOL/Lig30 vs. Con/Lig30; B, ZOL/Lig15 vs. Con/Lig15; C, Lig/ZOL vs. Lig/Con.
DR: distal root, ZOL: zoledronic acid.
a)Student's t-test.



Osteonecrosis was present in the treated groups that received ZOL before the induction of 
periodontitis (Figures 3 and 4), irrespective of treatment time, in 3 animals in the ZOL/Lig30 
group and 1 in the ZOL/Lig15 group. However, only 1 animal with osteonecrosis was present 
in the Con/Lig30 and Lig/Con groups (Table 2).

DISCUSSION

Periodontal disease occurs due to changes in the composition of microorganisms in dental 
biofilm and in the immune response of the host. This initiates the destructive process in 
the periodontal ligament and resorption of the alveolar bone. The experimental model of 
periodontal disease induction with a ligature favors the accumulation of biofilm, inducing a 
local inflammatory process dependent not only on the plaque, but also on the host immune 
response [9]. Experimental studies have been performed to explain MRONJ. These experiments 
observed that this side effect occurred in the presence of oral trauma and infection, including 
oral surgery, periodontal disease, and inflammatory periapical disease [4,5,14,15]. Similar 
to what has been reported in the literature, an experimental model with ligature was used to 
evaluate the effects of experimental periodontitis (EP) on bone during treatment with ZOL.

The administration of ZOL before the induction of periodontitis reduced alveolar bone 
resorption in animals with newly established disease (ZOL/Lig15), although this experimental 
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A C E

B D F

Figure 2. Microtomographic sections (sagittal). ZOL/Lig30 (A), Con/Lig30 (B), ZOL/Lig15 (C), Con/Lig15 (D), Lig/
ZOL (E), Lig/Con (F). Alveolar bone resorption in the furcation (yellow arrow) and bone sequestration (red arrow). 
ZOL: zoledronic acid.
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A C E

B D F

Figure 3. Histological sections of inflammation in induced periodontal disease (scale bar = 1 mm). ZOL/Lig30 (A), 
ZOL/Lig15 (C), Con/Lig30 (B), Con/Lig15 (D), Lig/ZOL (E) and Lig/Con (F). Mild inflammatory infiltrate (red arrow), 
moderate inflammatory infiltrate (yellow arrow), osteonecrosis with formation of bone sequestration (green arrow), 
and viable bone (black arrow). 
ZOL: zoledronic acid.

Table 2. Histometric analysis showing mean and SD of bone resorption in the distal root and furcation (A.1, A.2, B.1, 
B.2, C.1, C.2). Number of animals per group that presented osteonecrosis in the furca and/or distal root (A.3, B.3, C.3)
Groups Variables Bone resorption P value
A A.1 DR 0.620±0.096 vs. 0.490±0.128 0.005a)

A.2 Furca 1.276±0.689 vs. 0.836±0.376 0.046b)

A.3 Osteonecrosis 3/6 vs. 1/6 -
B B.1 DR 0.323±0.143 vs. 0.608±0.301 <0.001a)

B.2 Furca 0.429±0.157 vs. 0.492±0.337 0.516b)

B.3 Osteonecrosis 1/6 vs. 0/6 -
C C.1 DR 0.408±0.058 vs. 0.589±0.159 0.001a)

C.2 Furca 0.363±0.179 vs. 0.798±0.215 <0.001a)

C.3 Osteonecrosis 0/6 vs. 1/6 -
Data are shown as mean±SD.
Values in mm, except for A.3, B.3, and C.3. In A.3, B.3, and C.3, number of animals with osteonecrosis/total 
number of animals in group.
Groups are represented as below: A, ZOL/Lig30 vs. Con/Lig30; B, ZOL/Lig15 vs. Con/Lig15; C, Lig/ZOL vs. Lig/Con.
DR: distal root, SD: standard deviation, ZOL: zoledronic acid.
a)Student's t-test; b)Mann-Whitney test.



group presented a higher mean score of inflammatory intensity (3, moderate) than the 
respective control group Con/Lig15 (mean score: 2, mild). The same findings were observed 
when the animals began to receive the drug after periodontal disease had already developed 
(Lig/ZOL), with similar mean scores of inflammatory intensity found in both the experimental 
and control groups (Lig/Con). The lower bone resorption found in these groups, ZOL/Lig15 
and Lig/ZOL, probably occurred due to the antiresorptive activity of the drug, modulating 
osteoclastic and osteoblastic action [16], irrespective of the degree of inflammation intensity. 
The inhibition of the enzyme farnesyl diphosphate synthase in the cholesterol synthesis 
pathway, triggered by ZOL, prevents the recruitment of mature osteoclasts and differentiation 
of immature osteoclasts [17]. This action results in loss of the resorptive capacity of osteoclasts 
or even apoptosis [18]. Additionally, a study reported evidence that ZOL and pamidronate also 
acted on osteoblasts by increasing osteoprotegerin (OPG) secretion, a member of the tumor 
necrosis factor receptor superfamily. Since OPG inhibits osteoclastogenesis and osteoclast 
activity by acting as an antagonist of receptor activator of nuclear factor κB ligand, this may be 
another pathway through which ZOL inhibits bone resorption [19]. In contrast, however, the 
present study showed the opposite result when the drug was administered before periodontitis 
induction, and it progressed for 30 days (ZOL/Lig30). The group treated with ZOL had 
greater alveolar bone resorption at all sites studied. This result probably occurred because 
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Table 3. The degree of inflammation in the furcation region shown by histology
Groups Region Degree of inflammationa) P valueb)

A Furca 3.6±0.89 vs. 3.4±0.89 0.733
B Furca 3.0±0.81 vs. 2.0±0.01 0.018
C Furca 2.4±0.55 vs. 2.5±1.0 0.853
Data are shown as mean±standard deviation.
Groups are represented as below: A, ZOL/Lig30 vs. Con/Lig30; B, ZOL/Lig15 vs. Con/Lig15; C, Lig/ZOL vs. Lig/Con.
ZOL: zoledronic acid.
a)These values refer to the mean scores of the inflammatory reaction intensity; b)Student's t-test.

A B

C D

Figure 4. Osteonecrosis in the ZOL/Lig30 (A, B) and ZOL/Lig15 (C, D) groups (scale bar = 0.5 mm). Osteonecrosis 
with formation of bone sequestration (red arrow) surrounded by chronic inflammatory infiltrate (yellow arrow). 
Necrotic bone (green arrow) with loss of confluent osteocytes. 
ZOL: zoledronic acid.



osteonecrosis was present in more animals in the ZOL/Lig30 group, and the area of necrotic 
bone was not measured in the histometric analysis.

Despite its anti-resorptive actions, the current study showed that ZOL did not interfere with 
the inflammatory reaction, regardless of whether the drug was administered before or after 
periodontitis induction. Similar findings were reported by other authors who evaluated the 
action of alendronate in EP [9,20]. Both studies observed less alveolar bone resorption over 
the course of time in groups treated with bisphosphonate (alendronate). These findings 
show that, in this experimental model, lower alveolar bone resorption is related to the 
antiresorptive capacity of the drug.

The highest bone resorption values shown in the control groups were similar to the findings of 
Aghaloo et al. [5], who used a similar experimental model and drug concentrations to those in 
this study. However, the time of drug administration was prolonged for 15 weeks, periodontitis 
induction continued for a longer period (12 weeks), and periodontal disease was not evaluated 
at another time interval. The authors found greater resorption in the alveolar bone of the 
distal root of first molars in the control group. In addition, they reported the presence of 
osteonecrosis with the formation of bone sequestration in the region where the ligature was 
placed, similar to our study. The current results are also similar to those reported by Moreira 
et al. [20]. However, they used alendronate sodium when monitoring the progression of EP 
in rats. Animals treated with alendronate had rare signs of alveolar bone resorption after 14 
days of periodontitis induction, in addition to greater bacterial contamination and presence of 
osteonecrosis with bone exposure at 21 days of ligature use. Likewise, other authors found less 
resorption in the periapical bone region of the animals that received high doses of ZOL for 8 
weeks, by means of imaging and histological analyses [4,21].

The groups treated with ZOL before the induction of periodontitis (ZOL/Lig30 and 
ZOL/Lig15) presented bone portions detached of the alveolar ridge, which showed 
irregular borders, in the furcation region, suggesting bone sequestration shown in the 
microtomography images. Histological analysis confirmed necrotic bone in both groups. 
Similar findings were observed in another study, which administered alendronate in rats with 
periodontitis [5]. Imaging findings such as sequestration, periosteal bone formation, and 
alveolar crest expansion are common in patients with MRONJ [1,3]. The pathophysiology 
of MRONJ is believed to be linked to inhibition of bone remodeling by osteoclast apoptosis, 
presence of local inflammation or infection, as observed in periodontal disease, inhibition 
of angiogenesis, soft tissue toxicity, and dysfunction of native or acquired immunity [2]. 
However, Bonnet et al. [22] found no areas of MRONJ in rats with periodontitis induced 
by periostin deficiency and treated with high doses of ZOL. The divergent results may 
be attributed to variation in the experimental models used to investigate the association 
between osteonecrosis and periodontal disease [16]. Additionally, ZOL increases the 
prevalence of MRONJ in rats with periodontitis is a dose-dependent manner [23]. In contrast, 
although the animals in the LIG/ZOL group also received the same dose of ZOL for 8 weeks 
as those in the ZOL/LIG30 group, none of them presented osteonecrosis, both in histological 
and microtomographic analyses. Thus, it has been suggested that there is apparently an 
increased risk of MRONJ in those individuals who are being treated with ZOL and develop 
periodontitis. Clinically, this reinforces the need for rigorous dental care for these patients.

Osteonecrosis also occurred in animals treated with vehicle, similar to other studies [5,24], 
affecting only 1 animal from each control group (Con/Lig30 and Lig/Con). In the control 

https://doi.org/10.5051/jpis.2001100055

Evaluation of zoledronic acid on periodontitis in rats

https://jpis.org 273



groups, osteonecrosis may have occurred due to bone denudation in the region caused by 
ligature trauma, with consequent infection and cell death of osteocytes [5]. In the same 
way, Yamashita et al. [24], studying repair of bone wounds in the palate of animals treated 
with ZOL, reported that necrosis may occur in animals treated with ZOL and with vehicle 
(control). In the control group, the necrosis was considered to be trauma-induced, with a 
subsequent infection that impaired tissue vascularization.

Despite the interesting findings, it is important to emphasize that this is an in vivo study 
and its results cannot be directly applied to humans. Further studies should be carried out 
to confirm these findings and improve the experimental model. In addition, molecular and 
immunohistochemical analyses can be important to understand the mechanisms involved in 
the development of MRONJ associated with periodontal disease.

In the present study, ZOL modulated the extension of alveolar bone resorption in periodontitis 
induced in rats. Although this finding indicates a probable adjuvant effect in the treatment of 
periodontitis, some animals treated with ZOL nonetheless presented osteonecrosis. Thus, since 
ZOL is widely used to treat systemic bone diseases, and periodontal disease is a common oral 
disease, dental and medical practitioners should pay attention to the risk of osteonecrosis in 
these patients. Moreover, according to the current findings, the use of local or systemic ZOL as 
an adjuvant treatment of periodontitis is inadvisable.
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